Although the molecular mechanisms directing anteroposterior patterning of the Drosophila embryo (long-germband mode) are well understood, how these mechanisms were evolved from an ancestral mode of insect embryogenesis remains largely unknown. In order to gain insight into mechanisms of evolution in insect embryogenesis, we have examined the expression and function of the orthologue of Drosophila caudal (cad) in the intermediate-germband cricket Gryllus bimaculatus. We observed that a posterior (high) to anterior (low) gradient in the levels of Gryllus bimaculatus cad (Gb 0 cad) transcript was formed in the early-stage embryo, and then Gb 0 cad was expressed in the posterior growth zone until the posterior segmentation was completed. Reduction of Gb 0 cad expression level by RNA interference resulted in deletion of the gnathum, thorax, and abdomen in embryos, remaining only anterior head. We found that the gnathal and thoracic segments are formed by Gb 0 cad probably through the transcriptional regulation of gap genes including Gb 0 hunchback and Gb 0 Krüppel.
Introduction
Molecular mechanisms of Drosophila embryogenesis have been extensively investigated in the past two decades. Now we know, for example, that a few dozen Drosophila genes are required for proper anteroposterior patterning of the embryo. These genes are grouped into four classes based on their realm of influence on embryonic patterning and segmentation: maternal effect, gap, pair-rule and segmentpolarity genes. On the other hand, we know that many other insects belonging to short-or intermediate-germband insects undergo segmentation processes, which are different from those observed in long-germband insects such as Drosophila. In the latter case, all segments are specified simultaneously during the blastoderm stage. In contrast, in short-or intermediate-germband insects, only anterior segments are specified almost simultaneously by the blastoderm stage, while posterior segments form sequentially from a posterior growth zone during germband elongation. Since short-and intermediate-germband modes are widely found across the insect orders, whereas the long-germband mode is restricted to the holometabolous insects, it is likely that a mode of short-or intermediategermband segmentation is ancestral (reviewed in Davis and Patel, 2002) . Thus, it is likely that evolutionary transition from short-or intermediate-to long-germband embryogenesis occurred during insect evolution. Since we have little information on mechanisms of embryogenesis in the shortor intermediate-germband insects, we still do not know how such transition took place at a molecular level.
In order to clarify the similarities and differences between short-/intermediate-and long-germband embryogenesis, we have used the hemimetabolous, intermediategermband cricket Gryllus bimaculatus as a model insect, and compared expression patterns of its developmental genes identified in Drosophila patterning (Niwa et al., 2000; Inoue et al., 2002a,b; Miyawaki et al., 2002) and their roles in the embryo (Miyawaki et al., 2004) .
In this work, we focused our attention on the caudal (cad) gene, involving in posterior patterning in Drosophila. Since a major difference in developmental processes among insects is observed in the posterior segments, changes in mechanisms of posterior segmentation are supposed to be key events in the evolutionary transition. Orthologues of cad have been identified in animals as diverse as Caenorhabditis elegans and chordates (Macdonald and Struhl, 1986; Meyer and Gruss, 1993; Subramanian et al., 1995; Hunter and Kenyon, 1996; Chawengsaksophak et al., 1997; Epstein et al., 1997; Marom et al., 1997; Brooke et al., 1998; Moreno and Morata, 1999; Edgar et al., 2001; Van den Akker et al., 2002) . The Drosophila cad gene encodes a homeoboxcontaining transcription factor that is required for specification of the posterior embryo through regulation of expression of abdominal gap and pair-rule genes (Mlodzik and Gehring, 1987; Dearolf et al., 1989; Rivera-Pomar et al., 1995; Schulz and Tautz, 1995) . In the mutant embryos, the head and part or all of the thoracic segments are usually normal, while variable segmentation defects are observed in the remainder of the body (Macdonald and Struhl, 1986) . Furthermore, cad orthologues have been isolated from other insects including Tribolium, Bombyx, and Schistocerca. In the short-germband insect, Tribolium, cad is transcribed maternally and a posterior to anterior Cad protein gradient is formed, which is very similar to that in Drosophila and Bombyx (Xu et al., 1994; Schulz et al., 1998 , Tc 0 Cad may be involved in formation of the head and thoracic regions probably through activation of Tc 0 hb and other gap genes in this species. In later stages, Tc 0 cad is expressed in the posterior growth zone until the posterior segmentation is completed. Similar expression patterns of cad orthologue in other short-germband insect, Schistocerca, have also been reported (Dearden and Akam, 2001 ). However, their functions remain unresolved.
In order to elucidate functions of the G. bimaculatus orthologue of cad (Gb 0 cad) in embryos, we observed its expression patterns and performed its functional analysis by RNA interference (RNAi) experiments. We found that Gb 0 cad is required for gnathal and thoracic patterning and for posterior elongation, indicating that Gb 0 cad does not function as it does in Drosophila. Thus, our results suggest that changes in cad functions may have been implicated in the evolutionary transition from short-or intermediate-to long-germband embryogenesis. Furthermore, Gb 0 cad was found to be involved in the posterior elongation, acting as a downstream gene in the Wingless/Armadillo signalling pathways. Since the Wnt/Cdx pathways are involved in the posterior patterning of vertebrates (reviewed in Lohnes, 2003) , such mechanisms are likely to be conserved in vertebrates and short-/intermediate-germband insects that undergo sequential segmentation from the posterior growth zone. Based on our results, we propose a model for functions of cad in Gryllus embryos.
Results

Cloning and expression of the Gryllus caudal orthologue
We isolated a Gryllus orthologue of Drosophila cad, by a homology-based PCR method, whose amino acid sequence of the homeodomain was compared to those of Cad proteins of other animals ( Fig. 1) . We observed expression patterns of Gb 0 cad during embryogenesis by wholemount in situ hybridization (WISH), as shown in Fig. 2 . Embryogenesis of G. bimaculatus was described previously (Miyawaki et al., 2004) . Briefly, its germ anlage is formed in the ventral side of the posterior one-fourth of the egg within 36 h after egg laying (hAEL) and then posterior elongation occurs within 96 hAEL. At 32 hAEL, Gb 0 cad was expressed in the posterior two-thirds of the embryo with a posterior to anterior gradient ( Fig. 2A) . The anterior limit of the expression appeared to correspond to that of the expression region of Gb 0 hunchback (Gb 0 hb) (Fig. 2B ), but because Gb 0 cad transcript levels are low at this stage, we have been unable to detect them in double staining with Gb 0 hb. Since Gb 0 hb was expressed in the prospective gnathal region (data not shown), the expression region of Gb 0 cad appeared to cover from the gnathum to the posterior growth zone of the embryo. At 36 hAEL, Gb 0 cad mRNA receded from the gnathal and thoracic regions (Fig. 2C) , restricting the Gb 0 cad expression in the posterior growth zone of the germ band at 40 hAEL (Fig. 2D) . The Gb 0 cad remained expressed in the posterior growth zone until the segmentation process was completed ( Fig. 2E-H) . Double staining for Gb 0 cad and Gb 0 wingless (Gb 0 wg) indicated that both Gb 0 cad and Gb 0 wg were expressed continuously in the posterior growth zone (Fig. 2E-G) . Expression of Gb 0 cad finally became restricted to the cerci (Fig. 2I) .
RT-PCR analysis detected transcripts of Gb 0 cad in the ovary and in the early egg (data not shown), indicating the presence of its maternal transcripts. We do not know, however, when the maternally derived transcripts are replaced by the zygotic ones.
Gb
0 cad is required for gnathal and thoracic patterning and for posterior elongation
To examine the functions of Gb 0 cad during Gryllus embryogenesis, we used RNAi to deplete the Gb 0 cad transcripts and produce knockdown phenocopies. We injected Gb 0 cad dsRNA at a concentration of 20 mM into the early eggs, as described previously in Oncopeltus RNAi experiments (Hughes and Kaufman, 2000) . Most Gb 0 cad
RNAi embryos (ca. 75%, nZ100) ceased to develop before cuticle formation, showing severe segmentation defects. In the most extreme cases, embryos lacked gnathum, thorax, and abdomen, though the anterior head including labrum, eye, and antenna seemed to have developed normally (compare Fig. 3A with B,C, and also see Fig. 3D ). Since weak phenocopies of Gb 0 cad RNAi embryos varied both from insect to insect, and between the left and right sides of a single insect, we classified their phenocopies depending on severity by WISH analysis of the Gb 0 wg expression at stages 8-10 (Niwa et al., 2000) ( Fig. 3E-K ). In the most severe cases (class I, 45%, nZ45 out of 100), the Gb 0 wg expression pattern was normal only in the anterior head segments, while the gnathum, thorax, and abdomen were not formed ( embryos consisting of only the normal anterior head and a part of the gnathal/thoracic segments ( Fig. 3H,I ) were sorted into class II (34%, nZ34). In class III (11%, nZ11), while the anterior head was normal, some of the gnathal/thoracic and abdominal segments had been deleted (Fig. 3J ,K). Since similar phenocopies were observed in embryos obtained by parental RNAi and by injection of siRNA into eggs (details will be published elsewhere), we are confident that they truly represent depletion of the Gb 0 cad gene product. These results indicate that Gb 0 cad is essential for the formation of the gnathum, thorax, and abdomen, but not for the anterior head. RNAi embryos were classified into three classes with class I being the most severe, depending on severity of phenocopy, as shown in (G-K). The 'nonspecific effects' (NE) classification includes embryos that showed uninterpretable defects or defects of a few abdominal segments. The defects were probably caused by injections. In control, WT (nZ87 out of 100, the total number of developed embryos), class I-III (nZ0/100), NE (nZ13/100). In Gb 0 cad RNAi embryos, WT (nZ3/100), class I (nZ45/100), class II (nZ34/100), class III (nZ11/100), NE (nZ7/100). (F-K) Expression patterns of Gb 0 wg in wild type (F) and in Gb 0 cad RNAi embryos (G-K). Oc, ocular segment with the eyes; Mn, mandibles; Mx, maxillae; Lb, labium; T1-T3, thoracic segments 1-3. (G) A class I Gb 0 cad RNAi embryo, in which gnathum, thorax, and abdomen were completely deleted. (H,I) Typical class II embryos in which abdomen was completely deleted in both cases, while unidentified segments with abnormal appendages were formed. (J,K) class III embryos in which abdomen was formed but defectively in both cases, while abnormal thoracic segments were formed, but gnathal segments were not (J), or abnormal gnathal and thoracic segments were formed (K). Scale bars, 400 mm in (A) (the same scale in B and C); 200 mm in (F) (the same scale in G-K).
To examine the effects of RNAi for Gb 0 cad on formation of the germ anlage and posterior elongation, we monitored the time course of early embryogenesis by co-injecting eGFP mRNA and Gb 0 cad dsRNA into eggs, as shown in Fig. 4 . As a negative control, eGFP mRNA and DsRed2 dsRNA were also co-injected into eggs ( Fig. 4A-C) . No significant difference in length of embryos was observed between the control groups ( Fig. 4A ) and class I embryos ( Fig. 4D ) until 40 hAEL, indicating that germ anlage was formed in Gb 0 cad RNAi embryos. However, by 60 hAEL, the class I embryos (nZ5, Fig. 4E ,F) were shorter than the control ones (ca. 60% of the control, nZ5, Fig. 4B,C) . We also stained embryos with fuchsin to observe their detailed morphologies. We confirmed that no significant morphological differences exist between the control (Fig. 4G,H) and Gb 0 cad RNAi embryos at 40 hAEL (100%, nZ10, Fig. 4K,L) . In contrast, at 48 hAEL, Gb 0 cad RNAi embryos were shorter than the control embryos (ca. 65% of the control, 90%, nZ9 out of 10, Compare Fig. 4I ,J with M,N), while the prospective gnathal and thoracic regions of Gb 0 cad
RNAi embryos remained undeveloped (Fig. 4N) . These results indicate that Gb 0 cad is not necessary for the formation of the germ anlage; it is required, however, for the development of the gnathal and thoracic regions as well as posterior elongation. Miyawaki et al., 2004; unpublished data) . At first, we confirmed the silencing of Gb 0 cad expression at 36-38 hAEL by WISH (Fig. 5A,B) . Gb 0 hb was expressed in the prospective gnathal region of the control embryos at 36-38 hAEL (Fig. 5C) ; its expression was shifted to a more posterior region in the Gb 0 cad RNAi embryos with dramatic reduction of expression levels (46%, nZ46 out of 100, Fig. 5D ) or without such dramatic reduction (28%, nZ28, Fig. 5K ). Gb 0 Kr was expressed in the prospective thoracic region of the control embryos at 36-38 hAEL (Fig. 5E ), while its expression was completely eliminated in the Gb 0 cad RNAi embryos (38%, nZ38 out of 100, data not shown). In other cases, Gb 0 Kr expression was shifted to a more posterior region with dramatic reduction of expression levels (29%, nZ29, Fig. 5F ) or without dramatic reduction (25%, nZ25, Fig. 5L ). These results indicate that Gb 0 cad activity is essential not only for the transcriptions of Gb 0 hb and Gb 0 Kr but also the localization of their expression domains.
Regulatory interactions of Gb
Gb 0 eve was expressed as five stripes in the gnathal and thoracic regions and in the posterior growth zone of control embryos at 38-40 hAEL (Fig. 5G) , while its transcripts were undetectable in Gb 0 cad RNAi embryos (85%, nZ17 out of 20, Fig. 5H ). This result indicates that Gb 0 cad is necessary for the Gb 0 eve expression in both the gnathal/thoracic regions and the posterior growth zone. Gb 0 wg was expressed in the anterior head, gnathum, thorax, and in the posterior growth zone of the control embryos at 41-43 hAEL (Fig. 5I ). In the Gb 0 cad RNAi embryos, its expression remained normal in the anterior head region and the posterior growth zone, but was not detected in the gnathal and thoracic regions (75%, nZ15 out of 20, Fig. 5J ). This result indicates that Gb 0 cad is necessary for the Gb 0 wg expression in the gnathal and thoracic regions, which is likely to act as a segment-polarity gene similarly as in Drosophila (Miyawaki et al., 2004) . Intriguingly, reductions of Gb 0 cad expression levels did not affect the Gb 0 wg expression in the posterior growth zone (100%, nZ20, Fig. 5J ), suggesting that Gb 0 cad may be a downstream gene of the Gb 0 Wg/Armadillo (Arm) signalling pathway in the posterior growth zone. To confirm this, we observed the expression patterns of Gb 0 cad in Gb 0 arm RNAi embryos at 41-43 hAEL and found that the most posterior expression of Gb 0 cad, observed in negative controls (Fig. 5M) , was almost completely eliminated in Gb 0 arm RNAi embryos (100%, nZ20, Fig. 5N ). These results strongly suggest that Gb 0 Wg/Arm signalling is involved in regulation of Gb 0 cad expression in the posterior growth zone.
Discussion
In this study we present the first functional analysis of a non-Drosophila orthologue of cad, demonstrating that Gb RNAi embryos with the phenotypes of Drosophila cad mutants suggests that functions of Gb 0 cad are different from those of Dm 0 cad, we will discuss possible molecular mechanisms directing anteroposterior patterning in Gryllus in comparison with those in Drosophila and its implication in evolutionary transition from short-or intermediategermband to long-germband insects.
Gb 0 cad functions in formation of the gnathum and thorax
The molecular mechanisms of anteroposterior patterning are well understood only in long-germband insect Drosophila, as shown briefly in Fig. 6A . Maternal Bicoid (Bcd) activates gap genes hunchback (hb) and Krüppel (Kr) in the anterior embryo (Driever and Nüsslein-Volhard, 1989; Hülskamp et al., 1990; Hoch et al., 1991) , while Cad activates gap genes Knirps (Kni) and giant (gt) in the posterior embryo (Schulz and Tautz, 1995; Rivera-Pomar et al., 1995) (Fig. 6A) . The gap proteins provide positional information for the regulation of pair-rule genes. On the other hand, the primary regulator of the abdominal expression of cad is known to be hb (Schulz and Tautz, 1995) (Fig. 6A) . We found that Gb 0 cad RNAi phenocopies cannot be interpreted by the molecular mechanisms operated in Drosophila. For example, defects of the gnathal segments in Gb 0 cad RNAi embryos cannot be interpreted by roles of Dm 0 cad in Drosophila. Thus, we propose a possible model for functions of Gb 0 cad as shown in Fig. 6B . Gb 0 cad transcripts are distributed in a posterior-anterior gradient in early-stage embryos. This is consistent with previous reports for Tribolium, Bombyx, and Schistocerca (Xu et al., 1994; Schulz et al., 1998; Dearden and Akam, 2001) . Deduced from the fact that there exists concentration gradient of the Cad proteins in Tribolium and Bombyx embryos (Xu et al., 1994; Schulz et al., 1998) , we speculate that Gb 0 Cad proteins make a posterior-anterior concentration gradient in embryonic cells. However, we do not know how its concentration gradient is formed in cellular conditions.
Since Gb 0 cad appears co-expressed with the gap genes Gb 0 hb and Gb 0 Kr in the prospective gnathal and thoracic regions, respectively, in early stages, it is reasonable to consider that Gb 0 Cad may regulate expression of Gb 0 hb and Gb 0 Kr in each region. Since expression domains of Gb 0 hb and Gb 0 Kr were shifted posteriorly in Gb 0 cad RNAi embryos, the expression domains may be determined by a series of concentration thresholds of Gb 0 Cad in Gryllus embryos: The Gb 0 hb and Gb 0 Kr expression domains may be defined by low and middle concentrations of Gb 0 Cad, respectively (Fig. 6B) . Thus, in Gryllus embryos, it is likely that Gb 0 Cad organizes the gnathal and thoracic patterning in a concentration-dependent manner by regulating the expression of gap genes including Gb 0 hb and Gb 0 Kr. However, we note that deletion of the gnathal region was observed more frequently than that of the thoracic region in Gb 0 cad RNAi embryos (Fig. 3I,J) . If the gnathal region is formed in a low concentration region of Gb 0 Cad, this tendency is contradictory to a prediction that the gnathal region should be extended to the thoracic region in Gb 0 cad RNAi embryos. This may be interpreted as follows: We assume that some anterior factor(s) and Gb 0 Cad may be necessary for formation of the gnathal region, deduced from the fact that Orthodenticle-1 is indispensable in the head formation of Tribolium (Schröder, 2003) , while the thoracic region is formed without the anterior factor. In Gb 0 cad RNAi embryos, the shift of Gb 0 Cad concentration gradient to the posterior side prevents the anterior factor from acting coordinately with the Gb 0 Cad, resulting in deletion of the gnathal region and the shift of the thoracic region to the posterior side.
Since in Drosophila, bcd is known to organize patterning of the anterior region including the gnathal and thoracic segments, it is likely that a major event in the evolutionary transition from intermediate-to long-germband embryogenesis was the switch from a cad-organizing system to a bcd-organizing system in the gnathal and thoracic patterning. This is consistent with a hypothesis that bcd may be evolved due to a recent gene duplication event in the Hox cluster of flies (reviewed in Lynch and Desplan, 2003) . Thus, we propose a hypothesis that in the anterior patterning of ancestral insects, cad, instead of bcd, regulates expression of hb and Kr (and other gap genes, probably) to form the gnathal and thoracic segments. Furthermore, we found that the Gb 0 cad regulates directly or indirectly expression of Gb 0 eve and Gb 0 wg probably through regulation of the gap genes (Fig. 5H,J) . These results and their expression patterns (Fig. 5) suggest that a basic hierarchy of gap, pair-rule, and segment-polarity genes in Drosophila might be conserved in the gnathal and thoracic regions of early-stage embryos in Gryllus.
In the short-germband Tribolium, Wolff et al. (1998) hypothesized that a major event in the evolutionary transition from short-to long-germband embryogenesis was the switch from the activation of the hb gap domain by cad to direct activation by bcd as in Drosophila embryos, because its Cad protein is distributed in a posterior to anterior gradient that may regulate expression of hb. Their hypothesis for the short-germband insects is consistent with ours for the intermediate-germband insects. (Driever and Nüsslein-Volhard, 1989; Hoch et al., 1991) , whereas cad is required for specification of posterior embryo through regulation of expression of gap genes, Knirps (Kni) and giant (gt) (Schulz and Tautz, 1995; Rivera-Pomar et al., 1995) . ( It remains unclear whether maternal Gb 0 cad is involved in the processes.
Functions of Gb
growth zone, suggesting that the process might require cellcell communication pathway to generate the segments. This posterior elongation does not occur in long-germband insects such as Drosophila, in which all segments are specified simultaneously by a genetic cascade of transcription factors at the syncytial blastoderm stage. In this process, a cell-cell signalling is not involved. For example, the primary regulator of the abdominal expression of cad is known to be hb (Schulz and Tautz, 1995) (Fig. 6A) . Thus, it has been speculated that changes in genetic networks required for posterior patterning should be the key event in the evolutionary transition from short-or intermediate-to long-germband insects. However, molecular mechanisms of the posterior pattern formation in short-and intermediategermband insects have not been elucidated yet. We found in this study that Gb 0 cad is expressed in the posterior growth zone and that in Gb 0 cad RNAi embryos, the abdominal segments were completely deleted or severely defected. These findings suggest that Gb 0 cad functions in the abdominal formation in later stages. Since the abdominal defects were caused by inhibition of proper growth of the posterior germband, as revealed by morphological analyses of the early stages of Gb 0 cad RNAi embryos, Gb 0 cad should be involved in proliferation of the posterior germband. We also found that the Gb 0 eve expression in the posterior growth zone (Fig. 5G) was not detected in Gb 0 cad RNAi embryos (Fig. 5H) , suggesting that Gb 0 cad may control growth of the posterior region through expression of Gb 0 eve. It is interesting to note that Gb 0 cad is expressed in an overlapping manner with Gb 0 wg in the posterior growth zone until the segmentation process is completed (Fig. 2) , suggesting a possible interaction between these genes. Furthermore, we found that the posterior defects observed in Gb 0 cad RNAi embryos resemble those in Gb 0 arm RNAi embryos (Miyawaki et al., 2004) . Since the Gb 0 wg expression in the posterior growth zone was unaffected in Gb 0 cad RNAi embryos (Fig. 5J) , whereas the Gb 0 cad expression was almost completely eliminated in Gb 0 arm
RNAi embryos (Fig. 5N) , Gb 0 cad expression in the posterior growth zone is regulated positively by Gb 0 Wg/ Arm signalling (Fig. 6B) . From these results, we conclude that the posterior growth is regulated by Gb 0 Wg/Arm signalling through the expression of Gb 0 cad (Fig. 6B ). Since the expression patterns of Gb 0 wg and Gb 0 cad in the posterior growth zone are very similar to those of the orthologous genes in the short-germband insects, Schistocerca and Tribolium (Nagy and Carroll, 1994; Schulz et al., 1998; Dearden and Akam, 2001) , our model for posterior elongation may be applicable to short-germband insects. Thus, the Wg/Cad pathway in the posterior pattern formation may be common in short-and intermediategermband embryogenesis. During the evolutionary transition from short-or intermediate-to long-germband embryogenesis, an ancestral cell-cell signalling system including Wg/Arm signalling may have been replaced by a diffusion system of transcription factors as found in Drosophila.
It is also interesting to note that the expression of cad in the posterior growth zone of the short-and intermediategermband insects is also similar to expression patterns of vertebrate Cdx genes in posterior parts of the primitive streak, prior to the formation of somites (Meyer and Gruss, 1993; Marom et al., 1997) . In the mouse, for example, Wnt3a was reported to be probably necessary for correct anteroposterior patterning of vertebra through regulation of Cdx1 expression (reviewed in Lohnes, 2003) . Thus, the Wg/Cad or Wnt/Cdx pathway may be conserved in animals that undergo sequential generation of segments from the posterior growth zone.
Experimental procedures
Animals
All of the two-spotted crickets, G. bimaculatus, were reared at 28-30 8C with humidity of 70% under a 10L (light): 14D (dark) photoperiod as previously described (Niwa et al., 2000) . Fertilized eggs were collected with wet kitchen towels and incubated at 28 8C in a plastic dish.
Cloning of a cDNA for G. bimaculatus orthologue of caudal
Total RNA was extracted from G. bimaculatus embryos at various stages or ovaries using Isogen (Nippon-Gene Co.). mRNA was isolated using a Oligotexe-dT30 hSuperi mRNA Purification Kit (TaKaRa). cDNA was synthesized using a Superscript First Strand Synthesis Kit (Invitrogen). To isolate a Gb 0 cad cDNA fragment by PCR, the degenerate primer pair, GAGCTGGAGAAGGARTT and CCGCCGGTTCTGRAACCA, was used. 5 0 and 3 0 RACE PCRs were performed using gene-specific primers and anchor primers supplied in a SMART RACE cDNA Amplification Kit (Clontech). The Gb 0 cad cDNA sequences were deposited in the DNA Data Bank of Japan (DDBJ) (Accession number, AB191008).
Whole-mount in situ hybridization and fuchsin staining
Whole-mount in situ hybridization was performed as described previously (Niwa et al., 2000) . Fuchsin staining was performed as described previously (Miyawaki et al., 2004) .
RNA interference experiments
dsRNA for Gb 0 cad, Gb 0 arm, and DsRed2, and the mRNA for eGFP were prepared as described previously (Miyawaki et al., 2004) . In all RNAi experiments, DsRed2 dsRNA was used as a negative control (Miyawaki et al., 2004) . Final concentration of dsRNA was adjusted as follows: 1 mM for Gb 0 arm dsRNA (416 bp) as described previously (Miyawaki et al., 2004) , 20 mM for Gb 0 cad (426 bp), and 1 or 20 mM for DsRed2 dsRNA (660 bp). For microinjection, the cricket eggs were collected for 2 h and used within 1 h of collection. dsRNA and/or mRNA were microinjected into the vicinity of the posterior end of the egg as described previously (Zhang et al., 2002) .
